Fixed-time AI pregnancy rate following insemination with frozen-thawed or fresh-extended semen in progesterone supplemented CO-Synch protocol in beef cows
Summary
The objective of this study was to compare fixed-time AI pregnancy rate in Angus crossbred beef cows inseminated with frozen-thawed or fresh-extended semen. Two ejaculates from each of two Angus bulls were collected by artificial vagina and pooled for each bull. The pooled semen from each bull was divided into two aliquots; Aliquot 1 was extended using Caprogen ® (LIC, Hamilton, New Zealand) to a concentration of 3 × 10 6 sperm/straw and Aliquot 2 was extended using egg-yolk-glycerol extender to a concentration of 20 × 10 6 sperm/straw.
Semen extended with Caprogen ® was maintained at ambient temperature and semen extended with egg-yolk-glycerol extender was frozen and maintained at GnRH im and were inseminated at a fixed-time on Day 10, 66 h after CIDR removal. Timed-AI pregnancy rates were influenced by season (P < 0.05), cows detected in estrus prior to and at AI (P < 0.001), and dam age (P < 0.01).
Pregnancy rates were not affected by semen type (Fresh = 51.5% vs. Frozen = 50.4%; P = 0.66) and there were no significant interactions of semen type by estrus expression, semen type by sire, or semen type by season (P > 0.1). In conclusion, commercial beef cows inseminated with fresh-extended semen (3 × 10 6 sperm/straw) yielded comparable pregnancy rates to conventional frozenthawed semen in a progesterone supplemented, CO-Synch fixed-time AI synchronization protocol and may provide an alternative to frozen semen for more efficient utilization of superior genetics. 
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Introduction
The establishment of seasonal breeding in New Zealand over several decades led the AI industry there to investigate the use of low sperm numbers per insemination while maintaining fertility. In New Zealand, the AI breeding season is between early September and the end of December, during which more than 4 million inseminations are conducted. Approximately 60% of the NZ dairy cow population (1.7 million dairy cows) is inseminated during a 2-week interval, which requires an efficient usage of high-demand sires [1] . However, the peak of semen demand is over a 3-week period between late October and early November, when the daily numbers of inseminations are over 80,000 (Livestock Improvement Corporation, NZ, unpublished data). Fresh semen offers the advantages of increased sire utilization, inexpensive storage costs and simple handling in the field, when compared to frozen semen. High-merit bulls are able to record up to 300,000 inseminations per year with fresh semen, over twice as many compared to frozen semen [1] [2] [3] . In that regard, an average ejaculate yields approximately 400 frozen semen straws (20 × 10 6 /straw) compared to 5300 straws (1.5 × 10 6 /straw) with fresh-extended semen. This reduction in sperm concentration per insemination for fresh-extended semen does not compromise fertility.
In the USA, beef cattle farm size is increasing [4] , and herd size and calving percentage are negatively correlated to cost per unit weight of beef produced [5] . In larger farms, intensive fixed-time AI synchronization programs can be adopted to improve reproductive success; this requires insemination of large numbers of cows on a single day. With this trend, there is an opportunity to investigate the possibility of maintaining or improving the reproductive outcome in commercial beef operations using fresh0extended semen with low sperm numbers per insemination, instead of frozen-thawed semen with high sperm numbers. estrus in anestrous cows [6] [7] [8] . Our previous CO-Synch-CIDR study, with an interval of 64 h between the PGF2 α and the second GnRH treatment, resulted in an acceptable fixed-time AI pregnancy rate [9] . This interval should diminish ovulation of immature, low estrogen-producing follicles, and result in the development of a competent corpus luteum [10, 11] . The CO-Synch protocol is a commonly used protocol due to minimal handling and acceptable pregnancy rates; hence, it was used in this study.
In the late 1950s, Shannon modified the standard 20% egg-yolk-citrate extender for use with liquid semen in ambient (15-21 °C) temperature [12] .
Caprogen ® extender contains 5% egg-yolk and catalase. Peroxides are detrimental to sperm which are produced by aromatic-L-amino acid oxidase released by dead sperm [13] . The activity of this enzyme is temperature and substrate dependent.
The addition of catalase at temperatures over 5 °C and the reduction of egg-yolk to 5% as a substrate of the enzyme significantly reduced H2O2 concentrations [14] . Caprogen ® extender is commonly used in NZ to inseminate cows, using fresh semen at lower concentrations. However, it has not yet been tested in a fixed-time AI program under field conditions in the USA.
The hypothesis of this study was that the pregnancy rates of beef cows in commercial operations synchronized with CO-Synch-CIDR protocol would not differ between those inseminated with fresh-extended semen (3 × 10 6 sperm) maintained at ambient temperature and those inseminated with frozen-thawed semen (20 × 10 6 sperm).
Materials and methods
Semen handling
Two mature, Angus bulls, known to be highly fertile, were used in this study. The bulls were housed in a stuff center in Ohio, USA. Prior to initiation of the study, 0.5 mL semen samples of each sire were obtained weekly for 3
consecutive weeks and tested negative by culture for presence of Mycoplasma sp., Within a column, values without a common superscript differed (P < 0.05). Locations 2, 4, 9, and 10 were fall herds. Locations 1, 5, 7, 11, and 12 were spring herds. Locations 3 and 8 were fall and spring herds. 
Synchronization protocol for fixed-time AI
Pregnancy determination
Cows were examined for pregnancy at 57 d after fixed-time AI by palpation per-rectum and/or transrectal ultrasonography (Sonosite 180 Plus, Sonosite Inc., Bothell, WA, USA) to distinguish AI pregnancy from sire pregnancy. The AI pregnancy rate was estimated by calculating cows diagnosed as pregnant to AI, divided by the total number of cows inseminated.
Statistical analyses
The data were analyzed using a statistical software program (SAS Version 9.1 for Windows, SAS Institute, Cary, NC, USA). General Linear Model procedure was used to evaluate the differences in cow age, body condition score and days post-calving at protocol initiation among locations.
Glimmix model was used to evaluate the effects of semen type, sire, 
Results
The mean age, body condition score, and days post-calving at protocol initiation among locations were different ( Table 1) . The mean age, body condition score, days post-calving at protocol initiation and time interval from CIDR insertion and CIDR removal and CIDR removal and fixed-time AI among semen type and sires are shown ( Table 2 ). The mean age of cow between sires and mean days post-calving at protocol initiation between seasons were different.
Accounting for significant variables such as season (P < 0.05), cows detected in estrus prior to and at AI (P < 0.001) and age (P < 0.01), there was no difference in the AI pregnancy rates between semen types (Fresh = 51.5% vs.
Frozen = 50.4%; P > 0.1; Table 3 ). No difference in AI pregnancy rates between the two sires (Sire 1 = 52.1% vs. Sire 2 = 49.7%; P > 0.1; Table 3 ). AI pregnancy rates ranged from 46% to 53% among age groups. Cows in the >6-year age group had the lowest pregnancy rate (45.6%) compared to the 2-year age group (52.8%) and 3-6 year age group (52.7%). Fixed-time AI pregnancy rates were higher in the fall as compared to spring season (56.3% vs. 47.9%). There were no significant interactions for semen type by cows detected in estrus prior to and at AI, semen type by sire and semen type by season (P > 0.1).
Fixed-time AI pregnancy rate for Sires 1 and 2 in the frozen semen group was 52.8% (180/341) and 48.1% (177/368), and for Sires 1 and 2 in the fresh semen group was 51.2% (201/390) and 51.4% (183/356).
The variance of the location effect for fixed-time AI-PR was estimated as 0.0672, with an estimated asymptotic standard error of 0.0258. Based on the magnitude of the estimate relative to the standard error, one might conclude that there was significant location-to-location variability. a Accounted season (P < 0.05); cows detected in estrus prior to and at AI (P < 0.001) and dam age (P < 0.01); Location considered as a random effect.
b Refer to Fig. 1 for schematic representation of the synchronization protocol.
Discussion
The results of this study supported the feasibility of fresh semen usage with a synchronization program under field conditions in the United States.
Commercial application of fresh semen in New Zealand is performed under yearround grazing with a confined breeding season, which is similar to conditions in the present study.
In the present study, no difference in the pregnancy rates between fresh semen and frozen semen was detected, even with an 85% reduction of sperm numbers in the fresh semen (3 × 10 6 sperm/straw) as compared to the frozen semen (20 × 10 6 sperm/straw). The similarity in pregnancy rates may be attributable to survivability of fresh sperm. With frozen semen, the functional and structural parameters of sperm are impaired after the freeze-thaw process.
Therefore, they are less likely either to survive long enough in the female reproductive tract or to maintain competency in fertilization, as compared to fresh-extended semen [14] .
Numerous synchronization programs have been developed within the past 20 years. These programs have facilitated the beef producer's ability to utilize a short breeding season. Nevertheless, the increased handling time necessary for synchronization programs and AI is troublesome for many producers. In a fixedtime AI protocol, the breeding day is the most labor-intensive and timeconsuming day of the process. The use of fresh-semen has not been considered as an advantage for synchronization protocols during their development [15] . Fresh semen has advantages over frozen semen where ovulation asynchrony and frozen sperm longevity are problems. Fresh semen minimizes time and labor necessary on the breeding day, because thawing of frozen semen is not required. The freezethaw process of frozen semen is accompanied by many opportunities for human erro, which lowers semen quality and decreases efficiency of AI. Without question, the greatest advantage of fresh semen resides in increasing utilization efficiency of semen from short-supply and (or) high-demand sires. Fixed-time AI in conjunction with fresh semen at reduced sperm concentration and rapid overnight semen delivery may provide an opportunity to dramatically enhance utilization efficiency of both beef and dairy sires that are in high demand and short supply. However, in the absence of improved conception rates of fresh semen over conventional semen, there is little incentive to produce a fresh semen product with a limited shelf-life (~72 h) from sires that can presently satisfy market demand at conventional cryopreserved sperm dosages and virtually unlimited shelf-life. Although semen supply is seldom an issue in beef breeds, this increased utilization efficiency may have huge implications in dairy breeds.
Ovulation time can influence reproductive success when using either fresh or frozen semen [16] . Insemination with frozen semen 10 h before projected ovulation decreased conception rate, compared with 5 h before projected ovulation, which may be due to the shorter capacitation time of frozen semen or increased population of precapacitated frozen sperm [17] . A new follicular wave can emerge from 1 d prior to 4 d post-GnRH treatment, which certainly fails to synchronize ovulation at an exact time [18] . Future studies may test the hypothesis that fresh semen's prolonged longevity in the female reproductive tract will compensate for the asynchrony in ovulation in a synchronization program and improve pregnancy rate, if cows are inseminated 36-48 h after CIDR removal.
In conclusion, fresh-extended semen (3 × 10 6 sperm/insemination) was successfully utilized in a fixed-time AI synchronization program to achieve comparable pregnancy rates to cryopreserved semen in commercial beef operations under field conditions in the USA.
